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1. Introduction 
 
A large literature in economics, human biology and medicine has been devoted to 
understanding the effects of early childhood conditions on outcomes later in life. 
Research has consistently shown that the month of birth is an important predictor of 
health outcomes, morbidity and mortality. But, so far, no convincing theories have been 
proposed to explain this association.    
Most of the studies showing correlation between months of birth and children’s 
health outcomes have been restricted to high-income settings. The correlation between an 
individual’s height and his/her month or season of birth was documented by Weber et al. 
(1998), for Australia; Kihlbom and Johansson (2004) for Sweden; Shephard et al. (1979) 
and Koscinski et al. (2004), for Poland. Early exposure to cold conditions was reported to 
be associated with higher weight during adulthood in England (Phillips and Young, 
2000). Van Hanswijck de Jonge et al. (2003), using data from the United States, found 
that birth weight and early infancy weight gain varied by season and were modified by 
ethnicity. Tanaka et al. (2007) showed that in Japan the height and weight of 
schoolchildren were influenced by their months and seasons of birth. We are unaware of 
any study that directly investigated variations in children’s health by season-of-birth in 
the context of poor developing countries. 
In this paper, we use data from three rounds of the India National Family Health 
Survey (NFHS) to: (i) quantify the effects of the months of birth on children’s 
anthropometrics, and (ii) test four hypotheses explaining the relationship between the 
months of birth and children’s health outcomes. We find that Indian children born during 
the monsoon months have worse health outcomes than children born during the fall-
winter months. The ‘month-of-birth’ effect is shown to be present in all three waves of 
the NFHS and persists after controlling for a wide set of observable and unobservable 
characteristics. The effect is large: the differences in weight and height among children 
born during the monsoons and other children are comparable to the differences in health 
outcomes between children born to illiterate mothers and mothers who had completed 
primary education. 
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We formulate and test four hypotheses that might explain the correlation between 
children’s health outcomes and their months of birth. The empirical tests of these 
hypotheses conclude that the most likely explanation for the observed pattern of changes 
in children’s health by month-of-birth is a higher prevalence of malnutrition and wider 
exposure to diseases during the lean monsoon season. Our results show that seasonal 
variations affect the environmental conditions at the time of birth and determine health 
outcomes for young children in India. Policy interventions that affect such conditions 
might be as effective in improving children’s health as nutrition and micronutrient 
supplementation programs.  
 This paper contributes to the research on child health and nutrition in several 
ways. First, in contrast to the existing medical literature on the effect of the month of 
birth on individual health, we try to present a comprehensive causal analysis of this 
phenomenon, taking into account both the socio-economic and environmental factors that 
might affect children’s health outcomes. Second, we analyze the impact of the months of 
birth on children’s health in the context of a poor developing country, as compared to 
most other literature on this topic which focuses on developed countries. Third, we 
demonstrate the ‘month-of-birth’ effect for children younger than three years of age; the 
majority of studies analyze the consequences of seasonality of birth on outcomes in adult 
life. Finally, our paper suggests that the omission of the month-of-birth variable in 
estimators of econometric models on children’s nutritional status and health, might lead 
to significant biases. 
 The following section describes the setting of our data and shows some 
descriptive results. Section 3 sets up the main question of the paper. Section 4 outlines 
and tests the main hypotheses, explaining the association between the months of birth and 
children’s health outcomes. Section 6 offers some conclusions. 
 
 4
2. Data and Descriptive Statistics 
 
This analysis uses data from three waves of the India NFHS (1992/1993, 1998/1999 and 
2005/2006)1. NFHS is a survey of representative households, covering states and 
territories of India containing approximately 99 percent of its population (Kashmir and 
Sikkim, as well as some remote territories, are not covered). The survey structure 
corresponds to the typical structure of demographic and health surveys (DHS) conducted 
in several other countries. Our main sample contains information on 45,279 children from 
the 1992/1993 India NFHS; 30,984 from 1998/1999; and 48,679 from 2005/20062. These 
children were residing correspondingly in 33,032; 26,056; and 33,968 households3. 
The NFHS uses three types of questionnaires: the household questionnaire, the 
woman’s questionnaire and the village questionnaire. The household questionnaire 
collects information on the family structure and background; caste/tribe of the household 
head; age, gender, education, employment, and health status of household members; 
information on public services utilization; and other topics. The woman’s questionnaire 
covers dates and survival status of all births; current pregnancy status; childbearing 
intentions; and childcare practices—for women aged 15 to 49. The village questionnaire 
gathers information on village area and population; diverse infrastructure characteristics 
such as distance to the nearest town, roads, public transportation (bus); and presence in 
village or distance to schools and health facilities. Information was also collected on the 
number of cars, trucks, motorcycles, and TV sets in the villages, as well as whether they 
have electricity and what the main sources of drinking water are.  
Because the NFHS registers no information on household income or 
consumption, we use a constructed household wealth. The wealth index is the first 
principal component of a number of household assets—such as clocks, radios, TVs, 
VCRs, refrigerators, bicycles, motorbikes, cars, as well as the types of utilities used by 
                                                 
1 Detailed information on NFHS methodology and sample design is made available by the International 
Institute of Population Sciences (IIPS) at: http://www.nfhsindia.org/. The data is available from 
MEASURE DHS, Macro International Inc.: http://www.measuredhs.com. 
2 The number of observations in the 1998/1999 round is smaller because NFHS-2 collected height and 
weight information for only the last two children, under three years of age, of ever-married woman 
interviewed.  
3 In 1992/1993, measurements of height were not collected in Andhra Pradesh (AP), Himachal Pradesh 
(HP), Madhya Pradesh (MP), Tamil Nadu (TN), and West Bengal (WB). 
 5
the households (for example, Filmer and Pritchett 2001; Rutstein and Johnson 2004). The 
descriptive statistics for the main variables used in this paper are shown in Table 1. 
The NFHS data provide measurements of height and weight for children under 48 
months of age in 1992/1993, under 36 months in 1998/1999 and under 60 months in 
2005/2006. For comparability between the different NFHS rounds, we restrict our sample 
to children less than 36 months of age. We focus on the age-adjusted measures of height-
for-age (HAZ) and weight-for-age (WAZ), which reflect the children’s development 
relative to a reference population of well-nourished children4 (WHO 2006). These 
measures reflect different dimensions of the children’s development: height-for-age 
(stunting) reflects the long-term effects of malnutrition, while weight-for-age 
(underweight) reflects both long- and short-term dietary effects (WHO 1995).   
Malnutrition is highly prevalent in India. About 80 percent of children under the 
age of 3 were mildly, moderately, or severely underweight in 1992, with minimal 
changes in 1998 and 20055. In 1992, 72 percent of boys and 70 percent of girls were 
stunted. The proportion of stunted children had decreased to 65 percent by 2005. 
According to NFHS data, the overall averages of HAZ and WAZ rose over the years for 
both boys and girls. Figure 1 demonstrates that the average HAZ had risen for boys from 
-1.9 in 1992 to -1.5 in 2005; WAZ grew from -2.0 in 1992 to -1.8 in 2005. Girls 
experienced similar improvements in health outcomes between 1992 and 2005. 
The distribution of births by calendar months for the three rounds of NFHS is 
presented in Figure 26. The proportions of boys and girls born in each month are similar. 
The highest birth rates are registered in August, September and October--these children 
                                                 
4 A report by Nutrition Foundation of India concluded that the WHO standard was generally applicable to 
Indian children (IIPS 2000, page 265). The nutritional status of children calculated according to these 
measures is compared with the nutritional status of a reference population recommended by the WHO 
(Dibley et al. 1987). The use of this reference group is based on the empirical findings that well-nourished 
children in all populations for which data exist follow similar growth patterns (Martorell and Habicht, 
1986). Across the NFHS rounds, about 10 percent of eligible children were not measured, either because 
the children were not at home or because their mothers refused to allow the measurements (Lokshin Das 
Gupta and Ivaschenko, 2005). 
5 A child is considered to be mildly underweight if its WAZ is from -1 to -2 standard deviations (SD) from 
the mean. Children with WAZ from -2 to -3 SD are considered to be moderately underweight, and children 
with WAZ less than -3 are considered severely underweight. Similar ranges are applied for stunting 
categories of HAZ. 
6 The results shown in Figure 2 are calculated based on the sample of children younger than 36 months of 
age born in every household. This sample includes children who did not survive. The distribution of birth 
by month, constructed based on the sample of survived children, is similar to the one shown in Figure 2.  
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were conceived in winter. The least number of children were born during the winter 
months of December, January and February--these children were conceived in spring. 
The wedding season in India, which falls in the months from November to February, 
could partially explain this seasonality of birth (Medora 2003).  
Figure 3 shows the proportion of children, among all the children born in a 
particular month, who died before the age of 3 years. Child mortality declined from 1992 
to 2005. In 1992, 14.8 percent of boys and 15.2 percent of girls died before reaching the 
age of 3 years. By 2005, these figures had declined to 11.5 and 11.8 percent respectively. 
The highest mortality rates, among children of both genders, were registered in the 
spring-summer months of April, May, June, and July. Data for boys from 1992 showed 
that child mortality declined during the winter months and the difference in mortality 
rates between summer and winter was 2 percentage points.   
 
3.  Setting up the Problem  
 
Figure 4 shows the changes in Z-scores by month of birth for boys and girls in the three 
rounds of NFHS7. Health outcome measures appear to be lowest for children born in 
summer and improving for children born in fall and early winter. This relationship holds 
for both girls and boys and for WAZ and HAZ measures. For example, if the average 
HAZ for boys born in June of 1992 was about -2.27 (standard error of 0.05), HAZ for 
boys born in December of the same year was -1.73 (SE 0.06). The average HAZ 
increased from -2.33 (SE 0.05) for girls born in June to -1.69 (SE 0.05) for girls born in 
December. The differences in health outcomes between summer and fall/early winter 
months persist in 1992 and 1998 and exhibit a decline in 2005. 
Would the effect of the birth month on a child’s health be significant after 
controlling for the characteristics of a household, a mother, and a child? To find the 
answer to this question we rely on a standard theoretical framework of household utility 
maximization that incorporates the production function determining child’s health 
(Behrman and Deolalikar, 1988). According to that theory, a household utility is a 
                                                 
7 A relatively large gap between the anthropometric measures of children born in December and January 
persists for both WAZ and HAZ in all rounds of NFHS. We were not able to find an explanation for the 
phenomenon. 
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function of consumption and leisure of household members, as well as the quality and 
quantity of their children. A household maximizes its utility subject to standard budget 
constraints and the restrictions imposed by the health production function. The household 
demand for child health (child’s height and weight) depends on a set of exogenous 
characteristics of a child Xi, household characteristics Xh, characteristics of its mother Xm, 
community characteristics Xc, and some unobserved factors captured by random error 
iε (Thomas, Strauss and Henriques, 1991). This relation can be expressed as: 
( , , , , ), ,s si i i m h c iZ Z X X X X s WAZ HAZε= = .    (1) 
The child’s characteristics include age, sex, birth order, and month of birth. The mother’s 
characteristics include her age, educational attainment and employment status. 
Characteristics of a household include household size, socio-demographic composition, 
household wealth index, religion, and caste. Community characteristics include 
availability of community services and infrastructure. In the linearized form, the 
production function of child’s health (1) can be expressed as: 
11
1
,s s si ik i i
k
Z M X s WAZ HAZπ ε
=
= + + =∑ skα ,    (2) 
where Mik is a dummy variable equal to 1 if child i is born in month k, vector iX combines 
the child’s, mother’s, household’s and community’s characteristics, and skα  and sπ  are 
parameters. Table 2a shows the coefficients of the linear regressions for WAZ and HAZ 
for children younger than 36 months, and for three rounds of NFHS. The ‘month-of-
birth’ effect persists when we control for a wide set of exogenous characteristics in (2). 
Relative to December, children born in other months have worse health outcomes, with 
the largest negative differences showing up in May, June and July. In Table 2b, we add 
three variables on the access to health facilities: distances from the village to a hospital, a 
primary health center and a health sub-center. Table 2b shows the estimates for 1992 and 
1998, as the information on these distances was collected only for rural population in the 
first and second rounds of the NFHS. We still find a strong month-of-birth effect under 
this extended specification.  
The coefficients on the control variables in the regressions used in Tables 2a and 
2b reveal the expected relationship between child health outcomes and the characteristics 
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of a household, a mother and a child. A higher birth order has a negative impact on the 
health outcomes of both boys and girls (for example, Horton 1988). Consistent with the 
findings in the literature (for example, Holmes 2006), health outcomes deteriorate with 
the age of a child. Children living in wealthier households and with better-educated 
mothers have higher WAZ and HAZ. The relationship between a child’s health and 
his/her mother’s age has an inverted U-shape: the outcomes improve with the mother’s 
age till the age of about 40, and then decline for children of older mothers. 
The potential endogeneity of the month-of-birth could have strong implications 
for the findings of this paper. Suppose it is known to parents that children born during 
certain months of the year are more likely to get sick. Then parents would try to plan their 
pregnancies to give birth in months most favorable for their children’s health. In the 
presence of an unobserved heterogeneity in the parental inputs to the production function 
of a child’s health, the observed variation in child health outcomes by month-of-birth 
could be partially attributed to differences in the parental behavior (for example, 
Rosenzweig and Shultz 1982). In that case, the estimates that fail to control for such 
heterogeneity would provide an upper bound for the effect of the month of birth on 
child’s health. 
Assume the error terms in (2) can be decomposed into the child-specific IID error 
term sijμ , and the household-specific unobserved factor sjv , capturing the heterogeneity in 
parental inputs to the production function of children’s health. sjv  can be correlated with 
the month a child is born in. Then, equation (2) will have a following form:  
11
1
( ) ,
. . ( , ) 0; ( , ) 0.
s s s s
ij ijk ij ij j
k
s s
ijk ij ijk j
Z M X v s WAZ HAZ
s t Corr M Corr M v
π μ
μ
=
= + + + =
= ≠
∑ skα     (3) 
Under the assumption that the unobserved heterogeneity in parental inputs is constant 
over time (siblings), we can account for the endogeneity of the month-of-birth by 
estimating the fixed-effect regression (FE) on the sample of siblings, thus removing the 
household-specific parental component sjv . This regression includes explanatory 
variables that differ among the siblings living in the same household: dummies for the 
month of birth, age of a child and the child’s birth order. Table 2c shows the FE 
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coefficients on the 11 dummies for the months of birth, most of which are significant8. 
The seasonal patterns in child health are similar to patterns revealed by OLS estimations: 
children born in fall-winter months are healthier compared to children born in summer. 
The month-of-birth coefficients from the FE model are larger than the coefficients 
estimated by OLS. The difference can be explained by the fact that the FE regression is 
estimated on a relatively small sample of households—each with two children below age 
3, while the sample for OLS regression includes all households9.  
The average WAZ and HAZ of children born during the monsoon season is about 
0.5 standard deviations (SD) lower than the average WAZ and HAZ of children born in 
the fall-winter months (Figure 4). After controlling for the characteristics of the child, the 
mother and the household they live in, the ‘month-of-birth’ effects ranged from 0.2 to 0.4 
SD for both measures (Table 2). The magnitude of this effect is similar to the differences 
in Z-scores between children of illiterate mothers and mothers with incomplete secondary 
education, as observed in our data. Alderman, Hoogeveen and Rossi (2005) report that 
the anthropometric measures of children born during the ‘lean’ season in Tanzania are 0.2 
to 0.4 SD lower than the measures of children born in other months of the year. These 
effects are comparable with the effects of nutrition programs and the estimated elasticities 
of the changes in households’ and mothers’ characteristics. For example, in Bangladesh, 
the average WAZ and HAZ of children with illiterate mothers is about 0.4 SD lower than 
the WAZ and HAZ of children whose mothers hold university degrees (Moestue and 
Huttly, 2008). Similar effects of maternal education on children’s anthropometrics are 
found by Alderman and Garcia (1994) for Pakistan, and Kassouf and Senauer (1996) for 
Brazil. The provision of micronutrient supplements resulted in a 0.2 SD increase in HAZ 
and 0.1 SD in WAZ for children in Vietnam and Mexico (Thu et al., 1999; Rivera et al., 
2001). Vaccinations against upper respiratory illness improve WAZ by about 0.5 SD and 
HAZ by more than 1 SD, according to Alderman and Garcia (1994). 
                                                 
8 The F-tests on the FE, in all regressions in Table 2c, reject the pooled-OLS specification in favor of the 
FE specification.  
9 Several studies point to problems with the quality of age data in NFHS (for example, Bhat 1995; 
Narasimhan et al., 1997; Mishra, Lahiri and Luther 1999). This measurement error in reported age would 
attenuate our results towards zero, so that the estimated effect of the months of birth on children’s health 
would be the lower bound (in absolute terms) of the true effects. 
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The above estimations demonstrate the consistently strong correlation between 
the months-of-birth and children’s health outcomes for boys and girls, across different 
regression specifications, years and for different samples. In the next section, we try to 
establish the causality of this correlation. 
 
4. Explaining the Correlation between the Month of Birth and Health Outcomes 
 
Several theories are proposed in literature to explain the variation in children’s health 
outcomes by season of birth. These theories attribute variations in outcomes by month-of-
birth to seasonal differences in prenatal and postnatal nutrition and the disease 
environment; social differences in the seasonal distribution of births; the selective 
survival at birth and during infancy; and planned versus unplanned pregnancies. We 
discuss each of these theories in turn. 
 
The ‘nutrition-disease’ hypothesis 
We start our analysis by testing the ‘nutrition-disease’ hypothesis. This hypothesis 
is based on a body of evidence about the importance of prenatal and postnatal nutrition 
and the disease environment for children’s health outcomes (Doblhammer 2004; 
Doblhammer and Vaupel 2001). Both diet and the absence of disease are crucial for the 
adequate growth of children and may work in synergy (Alderman and Garcia, 1994). 
Changes in food supply and food quality affect intrauterine growth. In India, mothers 
who gave birth in the fall or early winter season had access to better quality food and 
fresh fruits and vegetables during most of their pregnancies. Occurrences of infectious 
diseases that impact the mother, fetus and new born child are correlated with seasonal 
climatic changes because of the interaction between climate and the vectors of disease, 
and the interaction between the nutritional status and immune functions of a mother and 
her child. Other seasonal factors that might affect the health of children include the effect 
of exposure to sunlight on the children’s and mothers’ metabolisms, and the seasonal 
variations in availability and rates of vitamin absorption. 
The monsoon is a climatic event that separates seasons and is essential for 
agriculture in India. The deprivation of nutrients and other health-related intakes during 
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the monsoon was shown to have a considerable effect on the health status of women and 
children in India (for example, Chambers 1982; Sahn 1987). The monsoon is associated 
with heavy rains that bring a multitude of diseases. Drinking water gets contaminated and 
results in a high incidence of water-borne gastro-intestinal infections (Khatiwada and 
Rimal, 2007) and cholera (Saraswathi and Deodhar, 1990). Excess humidity aggravates 
skin conditions, asthma and eclampsia (Subramaniam, 2007). Mosquito- and rat-borne 
diseases such as dengue (Bharaj et al. 2008) and malaria (Kabanywanyi, et al. 2008) are 
transmitted faster in the wet and humid environment created by the monsoon. 
The NFHS provides no data on the nutritional intake of mothers during pregnancy 
and of children during the first months of their lives. Also, the survey does not collect 
histories of illnesses during these periods. In the absence of these data, we use household 
wealth and the education of the mother as proxies for the nutritional status and disease 
environments into which the children were born. We argue that wealthier households 
have better means to smooth-out consumption of their children during the lean season 
and can obtain better health care if their children become sick. Maternal education has a 
strong positive impact on children’s nutrition and health outcomes via modern attitudes 
towards health care and reproductive behavior (Caldwell 1979; Thomas Strauss and 
Henriques 1991; Glewwe 1999).  
To test the ‘nutrition-disease’ hypothesis, we regress WAZ and HAZ on a set of 
explanatory variables that include the socio-demographic characteristics of a household, a 
household wealth index, characteristics of the mother (including her educational 
attainments), location dummies, month-of-birth dummies, and interactions of the month-
of-birth with wealth index Ii and years of mother’s education Ei. This regression can be 
expressed as: 
11
1
[ ] ,s s s si ik k i i i i
k
Z M I E X s WAZ HAZα π ε
=
= + + =∑ s sk k+ β + γ .    (4) 
A significance of coefficients on month-wealth interactions ( skβ ) or month-education 
interactions ( skγ ) would point to the presence of seasonal differences in the effect of 
wealth and maternal education (as a proxy for nutrition and health care) on children’s 
health outcomes.  
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Table 3 shows the results of the F-test (χ2 test for the FE model) on the joint 
significance of coefficients on the interactions of household wealth and maternal 
education with the month of birth (separately for boys and girls and for three waves of 
NFHS10). The table is based on three econometric specifications: Specification 1 uses the 
standard controls to estimate (4); Specification 2 expands this set of variables by adding 
community-level indicators on access to health care facilities (thus restricting our sample 
to rural households and to the 1992 and 1998 waves of NFHS); Specification 3 is a fixed 
effect regression estimated on the sample of siblings. In Specification 3 we tried to 
address the potential endogeneity of the month of birth (discussed in the previous section) 
and use the FE regression to control for time-invariant unobservable characteristics that 
might be correlated with the month of birth. Because of a strong correlation between 
maternal education and household wealth, we show three tests for each 
specification/year/gender combination. The first group of tests is based on regressions 
where we include the interaction between wealth and month-of-birth only (to test the 
significance of skβ ). The second group is based on the regressions with interactions of 
years of maternal education and the month of birth (to test the significance of skγ ). The 
last group of tests includes both interactions and tests the joint significance of skβ  and skγ . 
These estimations demonstrate that household wealth and the education of 
mothers have significant effects on children’s health outcomes by month-of-birth. The 
seasonal variations in WAZ and HAZ for children living in wealthier households and 
with better educated mothers were smaller compared to the health outcomes of other 
children ( skβ >0 and skγ >0). For HAZ, the F- and χ2-tests strongly reject the null-
hypotheses of no heterogeneity by maternal education and household wealth for both 
genders. The results of tests based on Specification 2 are mixed but the majority of tests 
point to the joint significance of the interaction terms of household wealth and maternal 
education with child’s month of birth. For WAZ, the situation is less clear. The F-tests 
fail to reject the null-hypothesis of no heterogeneity in about two-thirds of the cases11.  
                                                 
10 The complete regression is available from authors. 
11 We tried to differentiate between the impact of prenatal and postnatal environments on the variations in 
children’s health outcomes. We regress the mothers’ subjective assessments of their children’s weights at 
birth (discussed later in this section) on the month-of-birth dummies and the standard set of controls. The 
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The ‘socio-economic’ hypothesis 
If, during certain seasons, more children are born in better-educated and/or 
wealthier families, the correlation between children’s health outcomes and their months-
of-birth can be attributed to the difference in resources available to the children (for 
example, Bronson 1995). In industrialized countries, the seasonality of birth can be 
explained by cultural patterns. In the less-developed countries, women’s involvement in 
agricultural activities, food availability, the seasonality of marriages, and male migration 
are more important determinants of the seasonality of birth. Seasonal patterns of birth in 
Austria, Denmark and Australia are documented by Knodel and Wilson (1981). Lam and 
Miron (1991, 1996) find that summer temperature extremes reduce the number of 
conceptions in southern US. Seasonal variations in birth rates are associated with the 
socio-demographic characteristics of mothers in the Czech Republic (Bobak and Gjonca 
2001). Panter-Brick (1996) demonstrates that, in Nepal, seasonal rates of pregnancies are 
determined, among other things, by seasonality of marriage (which, in turn, is determined 
by agricultural cycles) and marital disruptions related to out-migration of males and 
agricultural activities; the peaks of conception are observed in the beginning of the 
monsoon season of June-July and rice harvesting in December. Rajagopalan, Kymal and 
Pei (1981) documented the strong effect of agricultural cycles on births in Tamil Nadu in 
India, emphasizing large differences in the seasonality of birth between urban and rural 
areas.  
 To test the ‘socio-economic’ hypothesis, we estimate the relationships between 
the month of birth with household wealth and maternal education, controlling for the 
characteristics of a household and a mother. This relationship can be expressed as:  
Prob( 1) ( ), 1,...,12ik i i k i ikM f I E X kπ ε= = + + + =k kβ γ ,    (5) 
where Prob(Mik=1) is the probability of child i to be born in month k. Given an unordered 
structure of the month-of-birth variable and assuming that ikε ’s are independent and 
identically Gumbel distributed, we applied the multinomial logit specification for this 
                                                                                                                                                 
correlation of weight at birth with the month of birth would indicate that the observed seasonal variations in 
children’s health can be explained by the variations in prenatal conditions. The coefficients on month-of-
birth dummies in this regression are insignificant, providing us with no evidence for differentiating between 
the impacts of prenatal and postnatal conditions. 
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estimation12. A significance of the coefficients kβ  and kγ would indicate that household 
wealth and education of the mother affect the probability of a child to be born in a certain 
month of the year, thus supporting the ‘socio-economic’ hypothesis.  
Table 4 shows the estimated coefficients on the wealth index for 11 month-of-
birth categories for boys and girls and for three waves of NFHS. In 1992, the coefficients 
on the wealth index and maternal education are significant only for boys born in October; 
for girls, household wealth and education of the mother have no significant effect on the 
probability of being born in a particular month. For boys in the 1998 sample, the effects 
of wealth and mothers’ education on the month of birth are significant. But the pattern of 
this significance differs from the patterns we would expect to observe based on Figure 4. 
For example, in the 1998 sample, better-off households are more likely to have their 
children born in the months of February, May, August, October, and November. But May 
and August are the ‘bad’ months to be born in, in terms of health outcomes. We find no 
effect of wealth and maternal education on girls in the 1998 sample and for children 
surveyed in 2005. The results of likelihood ratio tests of the significance of household 
wealth index and maternal education in determining a child’s month of birth are shown in 
the bottom part of Table 4. These tests confirm that both wealth index and maternal 
education contribute little to determining the month of year in which a child will be born. 
 Thus, we can conclude that our empirical results provide no support of the “socio-
economic hypothesis”.  
 
The ‘selective survival’ hypothesis 
The third hypothesis explains the seasonal differences in children’s health 
outcomes by ‘selective survival’ of strong children at birth and during infancy. The 
hypothesis postulates that if mortality at birth is higher in a certain season than mortality 
in other seasons, children that survive during the high-mortality season might be more 
robust and would have better outcomes later in life (Samuelson and Ludvigsson, 2001). 
In other words, weak children born in high mortality seasons die and only the strong 
                                                 
12 The Independence of Irrelevant Alternatives (IIA) assumption of the Multinomial Logit is clearly 
violated in the case of modeling the month of birth. A multinomial probit model (MNP) would be more 
appropriate for estimating (5). However, estimation of MNP with 12 categories appears to be 
computationally infeasible. 
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children survive. Alternatively, children are switched from breastfeeding to 
supplementary milk and solid food at about six months after birth--this switch might be 
associated with higher child mortality (Barrera 1990; Olango and Aboud 1990), with 
higher chances of survival for stronger children. Doblhammer and Vaupel (2001) show 
that in Denmark, the death rate for infants born in June is 32 percent higher than the death 
rate of those born in January. Similar seasonal patterns are found by Breschi and Bacci 
(1998) for Switzerland and Belgium. In Gambia and Bangladesh, birth during the hungry 
season resulted in excess mortality during the first year of life (Moore et al., 2004). 
The NFHS asks mothers to categorize the weight of their children at birth as 
large, average or small13. We use this subjective assessment as a proxy for health 
endowments at birth. The weight of a child at birth influences his/her health and 
prospects for survival (for example, Rosenzweig and Shultz 1982). The distribution of the 
answers to this question for three waves of NFHS is shown in Table 5. The weight of 
about 20 to 25 percent of children was smaller than average according to their mothers’ 
assessments.  
Let *iS be a latent variable determining the survival of a child, which is a function 
of its health endowments at birth (weight Wi), as well as maternal and household 
characteristics. Let Si be an observed event of child i surviving longer than 12 months. 
Then: 
11
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* *
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∑ kγ      (6) 
To test whether selective child mortality during the first months after birth explains the 
variation in health outcomes, we estimate the probability of a child surviving past age 3 
as a function of the characteristics of a household, a mother, and a child; month-of-birth 
dummies; and the interaction between the month-of-birth and weight at birth. Under the 
assumption that iε is distributed normally, the probability of survival (S=1) can be 
estimated by the binary probit model. The significance of the coefficients on the 
                                                 
13 The direct measurement of children’s weight at birth is available in NFHS only for a small sub-sample of 
children. The weight at birth was reported for 2.9 percent of children in the 1992 sample, 3.2 percent in the 
1998 sample, and 8.1 percent in the 2005 sample. 
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interactions between the month of birth and the assessed birth weight ( kγ ’s) in (6) , 
rejects the null hypothesis that the survival probabilities of weak and robust children, 
born in a certain month of the year are the same. 
The probit estimations of (6) show that children of a higher birth order, born in 
poorer households or with younger mothers, and children born small (weak) are more 
likely to die in the first year after birth14. The sample for this estimation includes all 
children born in the family. Table 6 shows that while children born in certain months of 
the year, whose weight at birth was assessed as small, were less likely to live past the age 
of 12 months, the pattern of survival is inconsistent with the observed monthly variations 
in children’s health outcomes. For example, in the 1992 sample, boys that were weak at 
birth were less likely to survive if they were born in April, May, July, and October. 
According to the ‘selective survival’ hypothesis, this would result in observations of 
better health outcomes for children born during these months, which is not the case. The 
probability to survive for weak children appears to be unaffected by their month of birth 
for the sample of girls in 1992 and the boys sample from 1998. 
Based on this evidence, our results do not support the ‘selective survival’ 
hypothesis. 
 
The ‘unplanned pregnancy’ hypothesis  
Assume that parents believe that certain months are ‘bad’ for their children to be 
born in. Then, in order to improve their children’s health outcomes, parents would plan 
their pregnancies to give birth during the ‘good’ months. Under this assumption, children 
born during ‘bad’ months would more likely be a result of unplanned pregnancies and 
thus have disadvantaged health status (Kost et al., 1998)15. If this hypothesis is true, the 
observed variation in children’s anthropometrics across the months of the year could be 
explained by the higher proportion of unplanned births during the monsoon season. The 
                                                 
14 To make the categories of the weight-at-birth question consistent across waves of the NFHS surveys, we 
collapsed into one category the two lowest categories in the 1998 sample, and the two highest and two 
lowest categories in the 2005 sample. 
15 A paper by Do and Phung (2008) shows that the difference in outcomes between children born in the 
‘good’ and ‘bad’ years according to the Chinese horoscope can be explained by the fact that children born 
in ‘bad’ years are more likely to be unwanted, that is, to be the result of unplanned pregnancies. 
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NFHS questionnaire asked mothers whether their pregnancy with a particular child was 
desirable or not--in the form of the following question: 
In the time you became pregnant with (Name) did you want 1) to become 
pregnant then 2) to wait until later 3) no more children at all?  
The distribution of the answers to this question (for three years of the survey) is shown in 
Table 7. Across the different rounds of the survey, the birth of about 20 percent of 
children could be considered unplanned--that is, the mothers of these children either 
wanted to have children later or did not want to have more children at all. There are no 
significant differences in the shares of desirable pregnancies of boys and girls because 
parents cannot select the sex of the child at the time of conception16. 
We use these data to test the ‘unplanned pregnancy’ hypothesis empirically. We 
estimate the probability of a child being born in a certain month of the year as a function 
of the ‘desirability’ of a child and a wide set of controls.  
Prob( 1) ( ), 1,...,12ik i k i ikM f D X kπ ε= = + + =kη ,   (7) 
where Di is the ‘child desirability’ dummy, that is equal to one if a mother wanted to have 
that child when she became pregnant, and zero otherwise. A significance of coefficients 
on the ‘child desirability’ dummies ( kη ’s) would indicate the concentration of unwanted 
pregnancies in some months of the year. Table 8 shows that for the 1992 and 1998 
samples, ‘child desirability’ had virtually no effect on the probability of children being 
born in a certain month of the year. In 2005, boys who were wanted by their parents were 
more likely to be born in May, June and September. For girls in the 2005 sample, the 
‘desirability of birth’ increased their likelihood of being born during the summer months 
and in January, February, April, and November. These patterns of births would result in a 
variation in health outcomes, very different from those observed. 
A mother’s opinion about the ‘desirability’ of her child at the time of conception 
could be subject to recall errors. Such measurement errors would attenuate the 
coefficients of interest. To address this issue, we instrument the ‘desirability of birth’ 
variable with the gender composition of older siblings in the household. Our exclusion 
restriction is based on the argument that the genders of the siblings would affect the 
                                                 
16 Though the observed ratio of desired boys and girls could be influenced by selective abortion after 
conception. 
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‘desirability’ of a child for its parents (for example, Thomas 1994; Duflo 2003) and 
would have no direct effect on the month the child is born in. In this two-stage procedure, 
we first estimate a binary probit of ‘desirability of birth’ of a particular child, as a 
function of the characteristics of its mother, household characteristics and the gender 
composition of the child’s siblings17. In the second stage, we estimate the multinomial 
logit of the month of birth on a set of maternal and household characteristics and the 
predicted, at the first stage, indicator of desirability. The bottom panel of Table 8 shows 
the coefficients on the instrumented ‘desirability of birth’ variable in the multinomial 
logit estimation18. Similar to the first specification, the instrumented ‘desirability’ 
variable has no impact on the probability of being born in a particular month. Thus, 
neither of the estimations supports the ‘unplanned pregnancy’ hypothesis.  
 
Sensitivity analysis  
We test the stability of our results using alternative econometric specifications 
and different samples. First, we replicate all the results presented above using the months 
of birth relative to the beginning of the monsoon season. The reason for this is that the 
monsoon season starts in late May/early June in the southern states of India and in late 
July in North India. Figure 5 shows the average WAZ and HAZ by months-of-birth, 
normalized to the beginning of the monsoon season. For example, children born in June 
in the southern states of India would have a normalized month-of-birth of 0, and children 
born in November would have a normalized month-of-birth equal to 6. The trends in 
health outcomes depicted in Figure 5 are similar to those of Figure 4: WAZ and HAZ of 
children born during the monsoon months are usually lower than the health outcomes of 
children born during the six months after the start of the monsoon. The ‘month-of-birth’ 
(relative to the beginning of monsoon) effect persists after controlling for observable and 
                                                 
17 We use ‘household already has a male child’ and ‘the previous child was a boy’ as instruments for 
‘desirability’ of children. 
18 The χ2-tests of the significance of our instruments are shown in the last row of Table 8. Our instrument 
(the gender composition of the older siblings) is significant at p<0.01 in the first stage probit estimation for 
boys in all rounds of the survey, and for girls in 2005. We address the concern about the robustness of our 
results in the presence of weak instruments by estimating the first stage equation by the linear probability 
model. In the estimations on the sample of boys in all rounds and on the sample of girls in 2005, the F-
statistics on our excluded instruments are larger than the ‘rule-of-thumb’ critical value for the Stock-Yogo 
test (F-stat = 10) for weak instruments (Stock and Yogo, 2002). The standard errors for these instrumented 
estimates are obtained by bootstrapping.  
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unobservable characteristics of a child and his/her family. As in the case of calendar 
month-of-birth, the ‘nutrition-disease’ hypothesis seems to be most plausible in 
explaining the variation in health outcomes by month-of-birth relative to the beginning of 
the monsoon. 
We also assess how our results would change if we use trimesters, quarters and 
semesters of birth instead of the month of birth. In addition to calendar seasons, we 
define three subtropical seasons, and the hungry and harvest seasons, relative to the start 
of the monsoon in a particular area (as in Moore et al., 2004). The three subtropical 
seasons are: the monsoon season (June/July-September/October), the cool-dry winter 
season (October/November-February/March) and the hot-dry season (March/April-
May/June). The hungry season starts in June/July and ends in December/January. Our 
main results hold when we use these different timeframes. Expectedly, the larger the time 
span, the weaker the impact of the season on health outcomes--in other words, we find 
that trimestral variations in WAZ and HAZ are larger compared to quarterly and half-
year variations. 
  Another serious concern about the stability of our results is the impact of the 
sharp deterioration in health outcomes of children after they are switched from breast 
milk to solid food (in India this happens 4 to 6 months after birth) (for example, Barrera 
1990; Olango and Aboud 1990). To address this concern, we repeat our analysis and test 
our hypotheses on a sample of children older than 12 months. Again, our main 
conclusions remain the same: the environmental conditions around the date of birth of a 
child in India play an important role in determining his/her health outcomes later in life.   
 
5. Conclusions 
 
In this paper, we use data from three waves of the India NFHS to explore the relationship 
between the month-of-birth and health outcomes of young children in India. We 
demonstrate that children’s anthropometric scores (WAZ and HAZ) vary significantly 
with the month of birth: children born during the monsoon months have consistently 
worse health outcomes compared with children born in the fall-winter season. The 
‘month-of-birth’ effect persists after controlling for a wide set of observable and 
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unobservable characteristics of the child, the mother and the household in which they 
live. The size of this effect ranges from 0.1 to 0.5 SD of the WAZ and HAZ, and is 
comparable to the effects of maternal education and nutritional supplementation 
programs on children’s health as found in other countries. 
We propose four hypotheses to explain the month-of-birth variation in children’s 
health: (i) the ‘nutrition-disease’ hypothesis related this variation to the higher prevalence 
of diseases and malnutrition during the monsoon season; (ii) the ‘socio-economic’ 
hypothesis assumed different seasonality of birth for different socio-economic groups; 
(iii) the heterogeneity in the health composition of survived children is the basis for the 
‘elective survival’ hypothesis; and (iv) the ‘unplanned pregnancy’ hypothesis explains 
seasonal differences in children’s health by the differences in health outcomes for 
planned and unplanned children.  
We test these hypotheses empirically, controlling for a wide range of observable 
characteristics and using the fixed effect and instrumental variable approaches to account 
for the effects of unobservable factors. Based on the results of these tests, we conclude 
that the most likely explanation for the observed patterns of the changes in children’s 
health by the month of their birth is the higher prevalence of malnutrition and wider 
exposure to diseases in the lean season of the monsoon.  
Improving children’s health is an important development objective of many 
international organizations (World Bank 2002). Our results demonstrate the significance 
of seasonal changes of environmental conditions in determination of children’s health. 
Interventions to improve these conditions could have a positive impact on the health and 
achievements of children. Current policies aimed at enhancing children’s nutritional 
status and health fail to incorporate measures that differentiate between children born in 
different months of the year (Elder, Kiess and de Beyer, 1996). It appears that low-cost 
modifications to existing nutritional programs, which take into account the season of 
birth, may have a large impact on the health of Indian children. For instance, changes in 
the immunization schedule could help offset the negative impact of diseases during the 
monsoon season. Information campaigns could emphasize the seasonal differences in 
maternal and child care practices. Supplementary feeding and infectious disease control 
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programs should be designed to address different needs of mothers and children born in 
different seasons.  
While pointing out the importance of seasonal factors in explaining the variations 
in children’s health, our paper provides no information on the channels through which 
these factors affect children’s health. Possible next steps in this research could involve 
studies to differentiate between the seasonal impacts of prenatal and postnatal conditions; 
understand the behavioral responses of households to offset the negative environmental 
conditions for children born during the ‘bad’ season; and analyze the channels through 
which the environment, at the time of birth, affects individual health. Finding answers to 
these questions would help in the design of more effective programs to improve the 
health and achievement of Indian children over their lifetimes.  
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Table 1: Descriptive statistics for the main explanatory variables*.  
 1992 1998 2005 
  Mean SE Mean SE Mean SE 
Male child 0.510 0.004 0.524 0.003 0.520 0.003 
Child's current age (in months) 17.166 0.070 17.297 0.065 18.111 0.066 
Birth order       
   1st-born 0.279 0.003 0.295 0.003 0.325 0.003 
   2nd-born 0.248 0.003 0.266 0.003 0.288 0.003 
   3rd-born 0.178 0.003 0.176 0.002 0.162 0.002 
   4th-born 0.113 0.002 0.106 0.002 0.092 0.002 
   5th-born 0.073 0.002 0.066 0.002 0.056 0.002 
   6th-born 0.047 0.001 0.042 0.001 0.033 0.001 
   7th-born 0.028 0.001 0.024 0.001 0.018 0.001 
   8th-born 0.034 0.001 0.026 0.001 0.024 0.001 
Mother's current age (in years) 26.363 0.039 25.960 0.034 26.347 0.034 
Mother works 0.246 0.003 0.284 0.003 0.262 0.003 
Education of the mother (years) 3.514 0.032 4.083 0.030 5.341 0.034 
Education of the mother (category)       
   No education 0.557 0.003 0.477 0.003 0.387 0.003 
   Incomplete primary 0.158 0.003 0.094 0.002 0.071 0.002 
   Complete primary 0.042 0.001 0.074 0.002 0.070 0.002 
   Incomplete secondary 0.175 0.003 0.184 0.002 0.336 0.003 
   Complete secondary 0.027 0.001 0.078 0.002 0.055 0.002 
   Higher 0.040 0.001 0.093 0.002 0.081 0.002 
Scheduled caste 0.128 0.002 0.185 0.002 0.184 0.003 
Scheduled tribe 0.114 0.002 0.147 0.002 0.165 0.002 
Religion       
   Hindu religion 0.737 0.003 0.746 0.003 0.714 0.003 
   Muslim religion 0.134 0.002 0.137 0.002 0.144 0.002 
   Christian religion 0.072 0.002 0.069 0.002 0.098 0.002 
   Sikh religion 0.040 0.001 0.022 0.001 0.020 0.001 
   Other or no religion 0.018 0.001 0.025 0.001 0.025 0.001 
Wealth index score -0.067 0.007 -0.118 0.006 -0.210 0.006 
Urban 0.290 0.003 0.272 0.003 0.368 0.003 
Household size 7.971 0.028 7.516 0.024 6.823 0.021 
Share of children 0 to 6 years 0.325 0.001 0.326 0.001 0.335 0.001 
Share of children 7 to 14 years 0.125 0.001 0.115 0.001 0.105 0.001 
Share of adult males 0.243 0.001 0.250 0.001 0.246 0.001 
Share of adult females 0.243 0.001 0.250 0.001 0.246 0.001 
Share of elderly 0.036 0.001 0.034 0.000 0.032 0.000 
Type of toilet       
   Flush toilet 0.210 0.003 0.238 0.003 0.431 0.003 
   Latrine 0.149 0.003 0.156 0.002 0.084 0.002 
   Other or none 0.641 0.003 0.606 0.003 0.485 0.003 
Source of drinking water       
   Piped water 0.344 0.003 0.392 0.003 0.409 0.003 
   Well or hand pump 0.574 0.003 0.542 0.003 0.496 0.003 
   Surface, river, rain, etc 0.058 0.002 0.059 0.002 0.080 0.002 
Number of observations 20,260 24,837 23,105 
*) Sample of children younger than 36 months with non-missing HAZ and WAZ. Other explanatory 
variables include 36 state dummies and 11 dummies for the month of birth.  
 27
Table 2a: Regressions of health outcomes by month of birth. Specification with the state 
dummies, household characteristics, characteristics of the mother, and characteristics of a 
child. NFHS 1992, 1998, 2005 
  Height-for-Age Z-score Weight-for-Age Z-score 
  Boys Girls Boys Girls 
  Coeff. SE Coeff. SE Coeff. SE Coeff. SE
 January -0.372*** 0.078 -0.324*** 0.080 -0.212*** 0.053 -0.181*** 0.055
 February -0.362*** 0.083 -0.487*** 0.085 -0.122** 0.056 -0.175*** 0.058 
 March -0.489*** 0.079 -0.364*** 0.080 -0.166*** 0.053 -0.228*** 0.056 
 April -0.281*** 0.082 -0.410*** 0.083 -0.140** 0.055 -0.145*** 0.056 
 May -0.588*** 0.082 -0.586*** 0.084 -0.243*** 0.055 -0.183*** 0.057 
 June -0.492*** 0.079 -0.602*** 0.079 -0.311*** 0.053 -0.264*** 0.055 
 July -0.443*** 0.075 -0.400*** 0.077 -0.268*** 0.051 -0.277*** 0.054 
 August -0.311*** 0.073 -0.253*** 0.073 -0.233*** 0.050 -0.189*** 0.052 
 September -0.222*** 0.076 -0.208*** 0.078 -0.115** 0.052 -0.188*** 0.054 
 October -0.126* 0.072 -0.074 0.073 -0.127*** 0.049 -0.071 0.051 
 November -0.072 0.075 0.020 0.076 -0.078 0.051 0.024 0.053 
19
92
 
 December Reference month 
  N Obs. 10,341 9,946 13,725 13,284 
  R2 0.167 0.181 0.170 0.158 
 January -0.399*** 0.065 -0.433*** 0.068 -0.197*** 0.052 -0.309*** 0.055
 February -0.537*** 0.069 -0.432*** 0.071 -0.356*** 0.055 -0.292*** 0.057 
 March -0.590*** 0.065 -0.606*** 0.068 -0.370*** 0.052 -0.418*** 0.054 
 April -0.611*** 0.067 -0.654*** 0.071 -0.373*** 0.053 -0.553*** 0.056 
 May -0.605*** 0.066 -0.541*** 0.069 -0.372*** 0.052 -0.424*** 0.055 
 June -0.597*** 0.063 -0.529*** 0.067 -0.311*** 0.050 -0.363*** 0.054 
 July -0.524*** 0.063 -0.595*** 0.066 -0.300*** 0.050 -0.387*** 0.053 
 August -0.443*** 0.060 -0.422*** 0.062 -0.237*** 0.048 -0.302*** 0.050 
 September -0.254*** 0.062 -0.376*** 0.064 -0.110** 0.049 -0.219*** 0.051 
 October -0.261*** 0.060 -0.183*** 0.062 -0.117** 0.047 -0.067 0.050 
 November -0.112* 0.061 -0.205*** 0.064 0.003 0.049 -0.070 0.051 
19
98
 
 December Reference month 
  N Obs. 13,023 11,818 13,023 11,818 
  R2 0.190 0.228 0.202 0.231 
 January -0.171** 0.066 -0.080 0.072 -0.146*** 0.050 0.036 0.054
 February -0.209*** 0.071 -0.352*** 0.074 -0.168*** 0.053 -0.152*** 0.055 
 March -0.287*** 0.068 -0.328*** 0.071 -0.231*** 0.051 -0.139*** 0.053 
 April -0.423*** 0.066 -0.431*** 0.073 -0.305*** 0.050 -0.250*** 0.054 
 May -0.380*** 0.068 -0.347*** 0.073 -0.257*** 0.051 -0.215*** 0.055 
 June -0.405*** 0.067 -0.457*** 0.070 -0.302*** 0.050 -0.337*** 0.053 
 July -0.274*** 0.066 -0.392*** 0.071 -0.220*** 0.049 -0.160*** 0.053 
 August -0.286*** 0.061 -0.353*** 0.066 -0.211*** 0.046 -0.144*** 0.049 
 September -0.285*** 0.064 -0.196*** 0.068 -0.201*** 0.048 -0.016 0.051 
 October -0.089 0.061 -0.126* 0.065 -0.043 0.046 0.024 0.049 
 November 0.011 0.062 -0.170*** 0.065 -0.011 0.047 -0.016 0.049 
20
05
 
 December Reference month 
  N Obs. 12,020 11,085 12,020 11,085 
  R2 0.143 0.156 0.202 0.207 
Note: * is significant at 10% level; ** is significant at 5% level; *** is significant at 1% level. 
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 Table 2b: Regressions of health outcomes by month of birth. Specification with the state 
dummies, household characteristics, characteristics of the mother, characteristics of a 
child and local infrastructure characteristics.  
  Height-for-Age Z-score Weight-for-Age Z-score 
  Boys Girls Boys Girls 
  Coeff. SE Coeff. SE Coeff. SE Coeff. SE
 January -0.288** 0.127 -0.378*** 0.120 -0.151* 0.080 -0.118 0.081
 February -0.318** 0.136 -0.503*** 0.121 -0.128 0.085 -0.126 0.084 
 March -0.445*** 0.121 -0.327*** 0.123 -0.217** 0.088 -0.171** 0.085 
 April -0.168 0.133 -0.410*** 0.145 -0.122 0.095 -0.046 0.088 
 May -0.544*** 0.118 -0.665*** 0.123 -0.277*** 0.086 -0.182** 0.083 
 June -0.441*** 0.124 -0.539*** 0.115 -0.320*** 0.085 -0.203** 0.085 
 July -0.381*** 0.122 -0.473*** 0.118 -0.279*** 0.082 -0.266*** 0.080 
 August -0.254** 0.117 -0.305*** 0.119 -0.208*** 0.080 -0.163** 0.079 
 September -0.074 0.121 -0.146 0.129 -0.089 0.084 -0.136 0.089 
 October -0.047 0.115 -0.060 0.119 -0.098 0.079 0.005 0.085 
 November 0.026 0.110 0.015 0.116 -0.059 0.079 0.067 0.082 
19
92
 
 December Reference month 
  N Obs. 6,485 6,308 8,798 8,610 
  R2 0.170 0.179 0.175 0.151 
 January -0.511*** 0.092 -0.499*** 0.102 -0.212*** 0.073 -0.379*** 0.081
 February -0.653*** 0.100 -0.505*** 0.114 -0.370*** 0.082 -0.351*** 0.084 
 March -0.652*** 0.092 -0.658*** 0.102 -0.365*** 0.079 -0.440*** 0.079 
 April -0.658*** 0.093 -0.724*** 0.104 -0.325*** 0.079 -0.615*** 0.080 
 May -0.651*** 0.092 -0.707*** 0.093 -0.359*** 0.077 -0.505*** 0.076 
 June -0.614*** 0.087 -0.523*** 0.101 -0.264*** 0.070 -0.381*** 0.079 
 July -0.602*** 0.085 -0.675*** 0.091 -0.319*** 0.071 -0.475*** 0.078 
 August -0.483*** 0.081 -0.461*** 0.087 -0.210*** 0.067 -0.321*** 0.071 
 September -0.261*** 0.087 -0.385*** 0.091 -0.074 0.069 -0.236*** 0.073 
 October -0.307*** 0.080 -0.214** 0.091 -0.079 0.067 -0.119* 0.072 
 November -0.114 0.085 -0.236** 0.093 0.021 0.068 -0.104 0.078 
19
98
 
 December Reference month 
  N Obs. 9,225 8,386 9,225 8,386 
  R2 0.186 0.226 0.199 0.231 
Note: * is significant at 10% level; ** is significant at 5% level; *** is significant at 1% level. Standard errors 
are adjusted for clustering on a village level. 
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Table 2c: Fixed effects regressions of health outcomes by month of birth. Sample of 
households with two or more children younger than 3 years of age.  
  Height-for-Age Z-score Weight-for-Age Z-score
  Coeff. SE Coeff. SE 
 January -0.192 0.158 -0.038 0.107
 February -0.692*** 0.165 -0.171 0.114 
 March -0.580*** 0.163 -0.149 0.111 
 April -0.502*** 0.167 -0.153 0.113 
 May -0.704*** 0.165 -0.307*** 0.110 
 June -0.482*** 0.154 -0.264** 0.108 
 July -0.366** 0.157 -0.157 0.109 
 August -0.447*** 0.144 -0.290*** 0.099 
 September -0.341** 0.149 -0.126 0.103 
 October -0.109 0.145 -0.123 0.099 
 November -0.081 0.145 0.119 0.100 
19
92
 
 December Reference month 
  N Obs. 3,686 4,926 
  R2 0.291 0.237 
 January -0.581*** 0.140 -0.294*** 0.109
 February -0.506*** 0.143 -0.254** 0.111 
 March -0.551*** 0.139 -0.312*** 0.108 
 April -0.625*** 0.141 -0.509*** 0.110 
 May -0.632*** 0.144 -0.608*** 0.112 
 June -0.876*** 0.131 -0.593*** 0.102 
 July -0.737*** 0.136 -0.531*** 0.105 
 August -0.608*** 0.125 -0.585*** 0.097 
 September -0.553*** 0.128 -0.366*** 0.100 
 October -0.525*** 0.127 -0.305*** 0.099 
 November -0.145 0.127 -0.116 0.099 
19
98
 
 December Reference month 
  N Obs. 4,534 4,534 
  R2 0.288 0.294 
 January -0.071 0.143 0.070 0.108
 February 0.042 0.154 0.096 0.116 
 March -0.348** 0.141 -0.068 0.107 
 April -0.493*** 0.148 -0.422*** 0.112 
 May -0.549*** 0.148 -0.343*** 0.112 
 June -0.570*** 0.141 -0.459*** 0.106 
 July -0.500*** 0.143 -0.416*** 0.108 
 August -0.537*** 0.133 -0.376*** 0.100 
 September -0.186 0.140 -0.086 0.106 
 October -0.158 0.126 -0.073 0.095 
 November -0.202 0.131 -0.073 0.099 
20
05
 
 December Reference month 
  N Obs. 4,521 4,521 
  R2 0.193 0.219 
Note: * is significant at 10% level; ** is significant at 5% level; *** is significant at 1% level. Standard errors 
are adjusted for clustering on a village level. 
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Table 3: Tests of the joint significance of coefficients on the interactions of household 
wealth and maternal education with the month of birth in HAZ and WAZ regressions. F-
test for Specification 1 and 2 and χ2-test for Specification 3. 
 Specification 1 Specification 2 Specification 3 
  Boys Girls Boys Girls Boys & Girls 
Wealth      
  1992 2.313*** 1.992** 1.263 1.353 21.476** 
  1998 2.944*** 3.478*** 1.467 1.890** 36.454*** 
  2005 3.091*** 2.070** – – 15.274 
Education      
  1992 1.457 1.922** 1.582* 1.689* 27.169*** 
  1998 3.156*** 2.595*** 2.395*** 1.641* 19.100* 
  2005 2.818*** 2.584*** – – 15.654 
Wealth and education      
  1992 1.794** 1.664** 1.359 1.351 35.285** 
  1998 2.350*** 2.458*** 1.589** 1.565** 45.753*** 
H
ei
gh
t-f
or
-a
ge
 
  2005 2.463*** 2.632*** – – 32.968* 
Wealth      
  1992 1.003 1.538 0.834 1.398 16.472 
  1998 2.593*** 1.549 2.229** 0.988 21.896** 
  2005 1.504 1.986** – – 14.435 
Education      
  1992 0.895 0.891 1.214 1.206 21.240** 
  1998 3.073*** 1.608* 2.104** 1.461 13.449 
  2005 2.156** 2.230** – – 18.252* 
Wealth and education      
  1992 0.929 1.244 1.067 1.070 29.716 
  1998 2.149*** 1.499* 1.699** 1.348 35.632** 
W
ei
gh
t-f
or
-a
ge
 
  2005 1.313 2.141*** – – 45.764*** 
Note: * is significant at 10% level; ** is significant at 5% level; *** is significant at 1% level. Standard errors 
are adjusted for clustering on a village level. 
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Table 4: MLogit of the probability of a child to be born in a certain month of the year. Coefficients on household wealth and maternal 
education variables.  
  1992 Boys 1992 Girls 1998 Boys 1998 Girls 2005 Boys 2005 Girls
  Coeff. SE Coeff. SE Coeff. SE Coeff. SE Coeff. SE Coeff. SE
 Household wealth index 
January 0.113 0.086 -0.011 0.086 0.069 0.085 -0.114 0.090 -0.012 0.085 -0.010 0.089 
February 0.161* 0.092 -0.155 0.092 0.127 0.090 -0.005 0.093 0.073 0.089 -0.167 0.091 
March 0.120 0.088 -0.097 0.089 0.108 0.088 -0.056 0.091 0.125 0.087 -0.032 0.088 
April 0.147 0.090 -0.030 0.090 0.066 0.089 0.048 0.095 -0.078 0.086 -0.025 0.090 
May 0.163* 0.091 -0.018 0.090 0.180** 0.088 -0.051 0.092 -0.011 0.087 0.042 0.090 
June 0.189** 0.088 -0.058 0.090 0.082 0.086 -0.076 0.090 0.133 0.086 0.085 0.087 
July 0.230*** 0.086 -0.055 0.087 0.084 0.084 0.053 0.088 0.088 0.085 0.024 0.088 
August 0.097 0.084 -0.069 0.083 0.217*** 0.081 -0.016 0.085 0.042 0.081 -0.028 0.084 
September 0.147* 0.086 -0.095 0.088 0.032 0.083 -0.086 0.088 0.110 0.082 -0.058 0.086 
October 0.332*** 0.083 -0.095 0.083 0.192** 0.081 -0.034 0.085 -0.018 0.081 0.073 0.083 
November 0.085 0.085 -0.094 0.085 0.186** 0.083 0.010 0.086 -0.043 0.081 -0.070 0.084 
December Reference Month 
LR Test 22.313** 5.510 15.560 6.883 14.449 12.354
 Education of the mother 
January -0.012 0.013 -0.006 0.013 -0.002 0.012 0.004 0.013 0.005 0.012 -0.001 0.013 
February -0.012* 0.014 0.003 0.013 -0.012 0.013 -0.001 0.014 -0.004 0.012 0.020 0.013 
March -0.019 0.013 -0.004 0.013 -0.015 0.013 -0.011 0.013 -0.011 0.012 0.020 0.013 
April -0.022 0.013 -0.003 0.013 -0.003 0.013 -0.009 0.014 0.006 0.012 0.010 0.013 
May -0.017* 0.013 -0.019 0.013 -0.024** 0.013 0.012 0.013 0.002 0.012 0.011 0.013 
June 0.003** 0.013 -0.019 0.013 -0.017 0.012 -0.003 0.013 -0.006 0.012 0.009 0.013 
July -0.023*** 0.013 -0.016 0.013 -0.003 0.012 0.006 0.013 -0.011 0.012 0.002 0.013 
August -0.018 0.012 -0.015 0.012 -0.024*** 0.012 -0.006 0.012 -0.000 0.011 0.013 0.012 
September -0.008* 0.013 -0.016 0.013 0.009 0.012 0.004 0.013 0.007 0.012 0.024 0.012 
October -0.012*** 0.012 -0.018 0.012 -0.024** 0.012 0.000 0.012 0.007 0.011 -0.000 0.012 
November 0.003 0.012 0.009 0.012 -0.013** 0.012 0.000 0.013 0.003 0.011 0.006 0.012 
December Reference Month 
LR Test 11.918 12.032 17.673* 4.625 6.230 9.471 
Note: * is significant at 10% level; ** is significant at 5% level; *** is significant at 1% level. Standard errors are adjusted for clustering on a village level.
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Table 5. Distribution of mother’s assessment of the weight of her child at birth.  
 Boys Girls 
  Mean SE Mean SE 
1992     
Larger than average 0.125 0.003 0.142 0.003 
Average 0.635 0.004 0.650 0.004 
Smaller than average 0.239 0.004 0.208 0.004 
1998     
Larger than average 0.128 0.003 0.151 0.003 
Average 0.610 0.005 0.621 0.004 
Smaller than average 0.210 0.004 0.181 0.003 
Very small 0.053 0.002 0.048 0.002 
2005     
Very large 0.040 0.002 0.043 0.002 
Larger than average 0.187 0.004 0.192 0.004 
Average 0.534 0.005 0.552 0.005 
Smaller than average 0.165 0.004 0.152 0.004 
Very small 0.075 0.003 0.061 0.002 
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Table 6: Probit estimates of probability of survival till age of one, sample of children born within 36 months prior to the date of 
interview. Coefficients on the interactions of moth-of-birth dummies and the dummy of being born small.  
Note: * is significant at 10% level; ** is significant at 5% level; *** is significant at 1% level. Standard errors are adjusted for clustering on a village level. 
 1992 Boys 1992 Girls 1998 Boys 1998 Girls 2005 Boys 2005 Girls 
  Coeff. SE Coeff. SE Coeff. SE Coeff. SE Coeff. SE Coeff. SE 
 Interactions of month-of-birth dummies and weight at birth 
January -0.182 0.196 0.173 0.195 0.401* 0.212 -0.326 0.217 -0.442* 0.251 -0.427 0.269 
February -0.227 0.205 -0.270 0.201 0.390 0.239 -0.182 0.226 0.122 0.267 0.056 0.270 
March -0.235 0.202 0.096 0.206 -0.022 0.212 0.188 0.243 -0.092 0.255 0.010 0.265 
April -0.289 0.201 0.163 0.202 0.249 0.221 -0.566** 0.226 0.003 0.284 0.265 0.295 
May -0.273 0.206 0.064 0.202 0.293 0.211 -0.403* 0.216 -0.068 0.267 -0.379 0.260 
June -0.057 0.203 0.177 0.197 0.276 0.214 -0.058 0.225 -0.127 0.253 -0.090 0.262 
July -0.524*** 0.196 0.166 0.197 0.059 0.205 -0.318 0.213 -0.461* 0.243 -0.474* 0.258 
August -0.283 0.188 -0.077 0.184 -0.045 0.190 -0.116 0.203 -0.194 0.231 -0.499** 0.242 
September -0.291 0.198 0.173 0.187 0.138 0.207 -0.071 0.206 -0.288 0.235 -0.012 0.281 
October -0.391** 0.186 0.104 0.186 0.216 0.198 -0.289 0.201 -0.352 0.237 0.115 0.249 
November -0.228 0.192 0.183 0.187 0.041 0.189 -0.028 0.203 -0.034 0.236 -0.133 0.245 
December Reference Month 
N Obs. 12,531 11,889 11,552 10,520 10,323 9,196 
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Table 7. Distribution of the answer to the question about “desirability” of a child.  
 Boys Girls 
  Mean SE Mean SE 
1992     
Wanted now 0.753 0.004 0.792 0.004 
Wanted later 0.149 0.003 0.127 0.003 
Wanted no more children  0.098 0.003 0.081 0.002 
1998     
Wanted now 0.783 0.004 0.812 0.004 
Wanted later 0.117 0.003 0.101 0.003 
Wanted no more children 0.100 0.003 0.087 0.003 
2005     
Wanted now 0.778 0.004 0.799 0.004 
Wanted later 0.109 0.003 0.094 0.003 
Wanted no more children 0.113 0.003 0.107 0.003 
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Table 8: MLogit and IV MLogit estimations of the probability to be born in a certain month as a function of “child desirability”. 
Coefficients on “desirability” variable.  
Note: * is significant at 10% level; ** is significant at 5% level; *** is significant at 1% level. Standard errors are adjusted for clustering on a village level.
 1992 Boys 1992 Girls 1998 Boys 1998 Girls 2005 Boys 2005 Girls
  Coeff. SE Coeff. SE Coeff. SE Coeff. SE Coeff. SE Coeff. SE
 Specification with “desirable pregnancy” dummy 
January 0.049 0.096 -0.001 0.092 -0.026 0.103 -0.008 0.102 -0.076 0.104 0.205* 0.107 
February 0.004 0.102 0.079 0.099 0.262** 0.115 0.056 0.108 -0.041 0.109 0.142 0.109 
March 0.058 0.099 0.036 0.095 -0.107 0.105 -0.065 0.103 0.131 0.111 0.009 0.104 
April -0.004 0.100 0.126 0.097 -0.079 0.106 0.057 0.108 0.068 0.110 0.265** 0.110 
May -0.028 0.102 -0.078 0.097 -0.194 0.106 -0.046 0.105 0.135 0.111 0.134 0.109 
June 0.105 0.100 0.111 0.098 -0.066 0.104 0.057 0.105 0.183 0.111 0.151 0.107 
July -0.009 0.096 0.022 0.094 -0.030 0.102 0.030 0.102 -0.085 0.106 0.225** 0.109 
August -0.043 0.093 0.049 0.089 -0.090 0.098 0.097 0.098 0.134 0.102 0.222** 0.102 
September 0.096 0.098 -0.117 0.093 -0.078 0.100 0.052 0.101 -0.172 0.101 0.201* 0.105 
October 0.055 0.093 -0.028 0.088 -0.066 0.099 -0.035 0.097 -0.005 0.101 0.126 0.100 
November 0.028 0.095 -0.056 0.091 -0.030 0.100 -0.016 0.098 0.056 0.102 0.240** 0.102 
December Reference Month 
 Specification with “desirable pregnancy” dummy instrumented by the gender composition of the siblings
January 0.773 0.986 -2.848 1.295 0.871 0.886 -2.230 1.520 0.150 0.925 0.850 1.548 
February 2.363** 1.038 -0.921 1.520 0.687 1.073 -0.693 1.542 1.308 0.870 -0.942 1.409 
March 0.803 1.074 -0.668 1.533 -0.650 0.915 -1.465 1.455 0.128 0.920 0.708 1.477 
April 0.480 0.988 -0.474 1.491 0.383 0.982 0.667 1.624 -0.112 0.952 1.457 1.543 
May 0.122 1.015 0.365 1.534 1.258 0.995 -0.551 1.575 -0.442 0.916 -0.893 1.478 
June 1.226 1.057 -3.142 1.429 0.818 0.911 -1.020 1.552 1.348 0.954 0.795 1.501 
July 0.236 0.952 -1.799 1.428 1.206 0.887 0.025 1.524 0.672 0.941 -1.490 1.427 
August 0.928 0.966 -1.815 1.313 0.664 0.917 0.565 1.320 1.466* 0.862 1.730 1.320 
September -0.086 1.000 0.425 1.612 0.846 0.878 -0.130 1.524 0.413 0.850 -0.938 1.403 
October -1.627 0.906 -2.103 1.412 1.265 0.969 0.890 1.491 0.562 0.805 -0.452 1.424 
November 2.166** 0.975 -3.609 1.335 1.390 0.929 -0.814 1.379 0.291 0.841 1.751 1.346 
December Reference Month 
Test 1 stage 36.715*** 0.006 27.370*** 1.012 46.496*** 6.390** 
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Figure 1: Distribution of WAZ and HAZ by gender and for three waves of NFHS.  
Kernel density estimations. 
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Figure 2: Share of the total number of births in a current year by month of birth.  
India NFHS 1992, 1998, 2005  
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Figure 3: Proportion of children who died before the age of 36 months among all children 
born in a particular month. India NFHS 1992, 1998, 2005 
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Figure 4: Health outcomes (WAZ and HAZ) by month of birth and gender.  
India NFHS 1992, 1998 and 2005 
-2.5
-2.2
-2
-1.8
-1.6
-1.4
H
ei
gh
t-b
y-
ag
e 
z-
sc
or
e
-5 -4 -3 -2 -1 0 1 2 3 4 5 6
 
Boys
95% confidence interval
-2.5
-2.2
-2
-1.8
-1.6
-1.4
 
-5 -4 -3 -2 -1 0 1 2 3 4 5 6
 
1992
1998
2005
Girls
-2.2
-2
-1.8
-1.6
-1.5
W
ei
gh
t-b
y-
ag
e 
z-
sc
or
e
-5 -4 -3 -2 -1 0 1 2 3 4 5 6
Months since begining of monsoon
Boys
-2.2
-2
-1.8
-1.6
-1.5
 
-5 -4 -3 -2 -1 0 1 2 3 4 5 6
Months since begining of monsoon
Girls
 
Figure 5: Health outcomes (WAZ and HAZ) by month of birth since the beginning of 
monsoon season and gender. India NFHS 1992, 1998 and 2005 
